The volume flow rate of blood in the portal vein and the hepatic artery was measured using a duplex ultrasound system. Two sections of the hepatic artery were studied; the common hepatic artery where measurements were made just after the bifurcation of the coeliac axis to splenic and hepatic arteries and the hepatic artery itself, where measurements were made just proximal to the porta hepatis in a straight stretch of artery overlying the portal vein. Total hepatic blood flow was taken as the sum of hepatic artery and portal vein flows.' A group of 10 normal healthy volunteers in the fasting state was studied. The mean (SD) volume blood flow in the vessels was measured to be: hepatic artery 3-5 (45%) ml/min/kg, common hepatic artery 6*9 (30%) ml/min+/kg, portal vein 13-5 (21%) ml/min/kg, total hepatic flow 17*0 (16%) ml/min/kg.
Liver haemodynamics and the changes that occur physiologically and as a result of the presence of liver disease are still largely unexplored problems. Furthermore, such measurements of hepatic blood flow as are possible in human subjects do not allow for the detection ofindividual changes in portal vein and hepatic artery flow. Thus several accounts of portal vein volume flow measurements using Doppler ultrasound2'-and a few of common hepatic artery measurements6 7 have been published, but there are no reports of total volume flow measurements, comprising portal vein and hepatic artery blood flow. The aim of this study was therefore to try to measure volume flow in hepatic artery by Doppler ultrasound and to allow the estimation of total hepatic blood flow.
We also hoped to show that the ratio of volume flow in the common hepatic artery to the hepatic artery is a constant. A constant ratio of flow in these two parts of the vessel would allow flow measurements in the common hepatic artery to be substituted for flow in the hepatic artery in subjects where visualisation of the hepatic artery is difficult.
Theory
The volume flow rate of blood in a vessel is given by Q=Vmean * A where Q=volume flow, Vmean=mean velocity of blood in vessel, and A=cross sectional area of the vessel. Using a duplex system the cross sectional area (A) is determined from the B-mode or Mmode images of the vessel. The mean velocity can be determined by two methods, either from the power spectrum of the returned Doppler signal which relies on even insonation of the vessel by the ultrasound beam or from the maximum velocity.
POWER SPECTRUM When a vessel is uniformly insonified by the pulsed ultrasound beam the power spectral density of the returned Doppler signal directly represents the distribution of red cell velocities in the sample volume. ' Since velocity measurements are dependent on the angle of insonation 0 between beam and flow direction, measurements were taken where possible at angles of less than 550 to minimise the errors. Satisfactory angles were most difficult to obtain in the common hepatic artery where the vessel was almost perpendicular to the beam. Day to day reproducibility of the technique was assessed by taking measurements in the same subject from the same site of each vessel on three separate days under the same physiological conditions.
Interobserver variation between the two observers was determined by taking the mean flow measured by each observer in each subject and obtaining the percentage difference for each vessel. Two methods were used to determine the vessel diameters required to calculate cross sectional area of the vessels:
(1) By B-mode imaging of the vessel in cross section at the point of Doppler insonation. The gain was reduced and the image size made as large as possible to improve resolution. The callipers of the scanner were placed at the edges of the frozen image of the cross-section of the vessel to determine the diameter across the centre of the vessel both in anteroposterior and lateral directions (Fig 2) .
The common hepatic artery and the hepatic artery can be assumed to be cylindrical so only the anteroposterior diameter was required, but the portal vein is normally elliptical in shape so that both anteroposterior and lateral diameters are required. (2) Changes in the vessel diameter may occur in the portal vein due to transmitted pulsation from the inferior vena cava situated directly behind it and in the hepatic artery due to cardiac pulsations. Thus The values of flow calculated by the software from both Vmean, using the first moment of the power spectrum, and Vma. were compared to measured flows using a flow rig. The fluid used in the experiments was a mixture of water, glycerol, and Sephadex,3 12 chosen to give ultrasonic backscattered characteristics similar to blood. The flow rig comprised a constant head reservoir connected to a horizontal tube of known diameter leading to a measuring cylinder for timed collection of the flow. The Doppler probe was positioned at a constant angle. This angle was measured both from the scanner cursor and by geometry. A 9 mm range gate was then used to obtain spectra in a given pipe at various flow rates. Pipes of diameters ranging from 4 mm to 15 mm were studied and the calculated flow rates using the two methods compared to the actual measured flows.
The low frequencies of the backscattered Doppler signal corresponding to low velocity values were lost due to a 100 Hz filter in the spectrum analyser so flow values were corrected for this loss of low velocity information. All the calculated flow values were corrected for the difference of the speed of sound in the Sephadex mixture and in blood. The speed of sound in the Sephadex mixture was measured to be 1750 m/s and in blood was taken to be 1540 m/s. In addition, the effect of refraction between the surrounding water bath and the plastic piping and the pipe and the Sephadex mix was taken into account and a refraction correction factor applied for the change in angle of insonation.
IN VITRO RESULTS
The angle of insonation could be determined to within ±2°.c In the large diameter pipes flow values calculated from 0 5 Vmax corresponded more closely to the real flow than the flow values calculated using the first moment of the power spectrum. The latter values overestimated the flow by at least 12%. This overestimation was due to the incomplete insonation of the pipe giving rise to the low velocity component of the flow profile close to the boundaries of the pipe being lost.
In the 4 mm pipe the calculated values for both methods were in close agreement with each other and varied by less than 5% of the real flow. This is well within the experimental error associated with the timed measurement of the flow.
IN VIVO RESULTS
Interobserver variation was found to be 7% in the hepatic artery, 10-5% in the common hepatic artery and 8% in the portal vein. The percentage variation from the mean flow for three separate days in the same subject is plotted for each of the vessels. The most reproducible results were obtained in the hepatic artery and portal vein having percentage variations of 3X6 and 2-7 respectively. In the common hepatic artery this was 16%.
Mean velocity Mean (SD) velocity for each subject was plotted (Figs 3 and 4) . Since the values for 0 did not exceed 550 the greatest random error in a velocity measurement was 5%. The results of the in vitro calibration showed that the mean velocities calculated from the first moment of the power spectrum in the hepatic and common hepatic arteries must be corrected for the systematic error due to the high pass wall thump filter causing loss of low frequencies. This correction Figures 5 and 6 show the mean (SD) flow for each subject studied for Study number different vessels. Figure 5 compares the hepatic Pean (SD) velocity in the portal vein shown for each subject. Central bar represents and common hepatic arteries and Figure 6 shows y ofthe group. the portal vein. The total hepatic flow calculated by summing mean portal vein flow and mean hepatic artery flow in each subject is shown (Fig  7) . The mean values for the group are given in the Table. The errors due to the resolution of the spectrum analyser in the computer were T 1°TT calculated to be less than 6%. I-1[--H I IWe had hoped to show that the ratio of Study number Figure 6 : Mean (SD)flow in each subject normalisedfor body weight in the portal vein. Study numbers 5, 6, 7 representflow data in the same subject.
including accessory right hepatic artery arising from the origin of left gastric artery, proximal bifurcation of hepatic artery, and right or left hepatic artery arising from the coeliac or superior mesenteric artery. These additional branches must be identified and if possible the flow in them measured before total hepatic flow can be calculated.
We are confident that none of the subjects studied had any major variability in arterial blood supply to the liver and where such variability is a possibility the technique of colour Doppler flow imaging should identify these subjects and may possibly allow measurement of anomalous flow so that hepatic arterial flow might still be calculated. Though all subjects had to be thin for study, the deficiency of body fat seen in some patients with parenchymal liver disease may also make these subjects suseptible to study.
The weight normalised values for flows in the common hepatic artery and portal vein fell within the ranges found by other groups" and the values for the hepatic artery were within expected physiological ranges.'3 The day to day reproducibility in the portal vein and hepatic artery were good but the difficulties of obtaining good flow results in the common hepatic artery with this technique were reflected in the poor day to day reproducibility of 16% and poor interobserver variation of 10* 5%. The main limitations being that of obtaining a good Doppler angle from the same site with the mechanical sector probe when a linear array probe, not available to us, would have been more appropriate. Since the study was aimed at measuring hepatic artery flow and the measurement of common hepatic artery flow was only implemented to try to increase the study population, these results were not considered detrimental.
The errors associated with the Doppler measurement of absolute volume flow are large. The greatest source of error is in the cross sectional area measurement. This error is determined by the system resolution. For a 3 MHz system this is approximately 1 mm in the direction of the ultrasound beam. It also depends on the accuracy of the measuring technique. There is little which can improve the resolution due to the beam width in the lateral direction, approximately 2 mm, although reducing the gain improves the effective beam width. In the hepatic artery the vessel can be assumed to be circular and therefore only anteroposterior diameter need be considered. In practice, vessel diameters can be measured to ± 1 mm leading to errors of ± 17% in the portal vein cross sectional area and ± 50% in the hepatic artery cross sectional area (see Table) . These errors are inherent and therefore systematic, in addition to the random errors associated with calliper accuracy.
In Study number Figure 8 : Ratio offlov in common hepatic artery to hepatic arteryfor each subject.
certain how this change in hepatic haemodynamics might upset the normal variation in portal venous and hepatic artery flow resulting from physiological stimuli, information which this technique may provide.
In conclusion, present methods of separate flow measurement in the vessels supplying the liver are invasive. They 
